Abstract: An artificial key for the identification of 218 lichen-forming, parasitic, parasymbiotic and saprophytic fungi reported as occurring on lichens in the British Isles is provided. Agyrium flavescens Rehm, Cyphelium marcianum B. de Lesd., Scutula krempelhuberi Kbrber and Stigmidium solorinaria (Vainio) comb. nov. are reported from the British Isles for the first time, and three further new combinations are made: Bacidia killiasii (Hepp) comb, nov., Pleospilis ascaridiella (Nyl.) comb. nov. and Polycoccumgelidaria (Mudd) comb. nov. References to publications in which further information on the species can be found are included. Illustrations of the spores of 141 species and an index to the names of fungi and hosts are also presented.
Introduction
In the recent checklist of lichen-forming, lichenicolous and allied fungi occurring in the British Isles ), 183 lichenicolous fungi (i.e. fungi growing on lichens) were included. These were distributed through 79 genera, 40 of which include only lichen-inhabiting species, 16 of which also include lichenized taxa and 23 of which also include saprophytic or other fungi. These fungi exhibit a wide range of life-styles which have been reviewed elsewhere (Hawksworth 1982a) : parasites causing death, discolorations or gall-like malformations; saprophytes occurring on decaying thalli; and parasymbionts, secondary fungi entering into stable relationships with their lichen hosts, i.e. symbionts with already existing symbioses. In addition to these categories, several lichen-forming fungi with an independent thallus are confined to a host lichen either for the whole or for the initial phases of their life cycle; some of these are parasitic, the mycobiont usurping the position of that of the host and taking over its algae to establish a new lichen thallus.
These biologically intriguing taxa have received scant attention, despite their numbers, from both mycologists and lichenologists. The lichens are one of the least explored ecological niches for fungi (and other microorganisms) remaining today, but studies in this field have been hampered by a grossly inadequate literature and a confused taxonomy based largely on nineteenth century concepts.
In order to start to come to grips with the problem, I prepared a manuscript key to the fungi recorded as growing on lichens in the British Isles in 1972. This first key was based on the extant literature, but as our knowledge of the fungi increased revised editions were prepared in 1974 and 1977. The manuscript keys were made available to several colleagues and following a period of testing have now been revised again and are published here for the first time.
These keys are nevertheless presented with some hesitation in view of the imperfect knowledge we have of many of the taxa included, and because additional hitherto unknown species are continuously being discovered. The present key, for example, includes the first reports of four species from the British Isles. In addition, I have considerable numbers of collections for study, the taxonomy and nomenclature of which has not been sufficiently clarified for inclusion at this time. I plan, however, to publish revised editions of the key in the future and would therefore welcome comments from the wider audience to whom it is now made available.
The nomenclature in the keys follows . The citation of synonyms is restricted to cases where changes in names from those adopted in that list have been made or new combinations are being proposed. In endeavouring to use older literature (see below) it will therefore be necessary to use the 1980 checklist in conjunction with this key. In several cases the generic placements of species are unclear; where these are almost certainly inappropriate the generic names have been placed between inverted commas ("Lecidea"). Hosts named are restricted to those lichens known to support the taxon in the British Isles and are therefore not necessarily exhaustive. Some indication of distributions is provided but this information can be expected to be particularly incomplete at the present time in view of the little collecting of lichenicolous fungi that has so far taken place.
Publications in which modern descriptions, observations, and(or) illustrations can be found are indicated at the end of each entry. Descriptions of most taxa described up to about 1912 are compiled in Vouaux (1912-14) . A revision of the central European taxa is provided by Keissler (1930) , and Olivier (1905-07) presented a detailed account of the taxa then known from France. Keys to 457 species, based largely on the older literature, were published by Clauzade & Roux (1976) ; their work is reviewed in Lichenologist 9: 91 (1977) . Useful compilations of older taxa are provided by Lindsay (1869) and Arnold (1874) , and host lists are to be found in Keissler (1930) and Zopf (1896) .
The checklist of Watson (1948) includes notes on the characters of some taxa, as does the monograph of British lichens by Smith (1926) . New and interesting taxa discovered in the British Isles have been reported in a series of papers by Hawksworth (1975a Hawksworth ( , 1978 Hawksworth ( , 1980a . A key to the taxa known to occur on Peltigera, a genus especially rich in lichenicolous fungi (see Hawksworth 1982c) , is given by Hawksworth (19806) . Papers concerned with particular systematic groups are indicated at appropriate points in the keys.
In the determination of lichenicolous fungi, it is important to utilize the general mycological literature in addition to works restricted to lichenicolous fungi. Openings into this body of information are provided by Ainsworth (1971) , Ainsworth et al. (1973) , Hawksworth (1974) and Hawksworth et al. (1983) .
Illustrations of the spores of 141 of the included species are compiled into three pages at the end of the key. These are presented as an identification aid, but in the space available it is not possible to illustrate the full range of size and shape seen within the species; this must be borne in mind when consulting them.
No special techniques are in general required for the determination of lichenicolous fungi, although their small size dictates delicate handling. Microtome sections are often essential for critical work and preparing descriptions of species, but not 2(1)
Hymenium not exposed at maturity (ascomata flask-or scale-like; perithecioid or thyriothecioid) 3 Hymenium exposed at maturity (ascomata apothecia, ardellae, arthonioid, calicioid, lirelliform Hawksworth (1977a, 19826 
25(24)
Ascospores 10-5-13(-14)x(3-5-)4-5/im; perithecia mainly 0 05-0-08/im diam; parasymbiotic on the apothecia and forming galls on the thallus of Xanthoria parietina; rare, Norfolk and Somerset. See Hawksworth (19826) . Fig. 37 . . . . Endococcus parietinus (Lindsay) Clauz. & Roux Ascospores (12-)14-18(-20)x3-5-5(-6)/im, exceptionally 0-or 2-septate; perithecia 0 • 15-0 • 2 mm; on unidentified saxicolous crustose lichen; Perthshire, no recent record. See Hawksworth (1979a) . Fig. 36 Endococcus exerrans Nyl.
26(22)
Ascospores 9-10-5(-ll)x3-5-4//m; perithecia largely superficial, 0 07-0-1(-0-12) mm diam; in clusters on gall-like terminal swellings on Usnea fiorida and U. subfloridana; occasional, Carmarthenshire, Cornwall and Devon. See Hawksworth (19826) . Fig. 35 . .
• . Endococcus alpestris D. Hawksw. Ascospores (7-)9-10(-12) x 4-6(-7) fim; perithecia mainly immersed; on thalli of a wide range of saxicolous crustose lichens, especially Hawksworth (19806, 1983) . Fig. 104 Hawksworth (19796, 19806) . Fig. 94 Hawksworth (1975a Hawksworth ( , 1978 . Fig. 127 
50(49)
Asci 4-8 spored 51 Asci multispored; ascomata 0-1-0-15 mm diam, bright yellow pruinose, citrine green when fresh; ascospores 4-6 X 1 • 5-2 fim or (6-)8-10(-12) x 3 /urn; a lichenicolous lichen on the thallus of Baeomyces, Peltigera and Solorina species; upland areas. See Salisbury (1966) and Ahti (1973) . . . . Thelocarpon epibolum Nyl.
[The longer-spored morph, var. epithallinum (Leighton ex Nyl.) G. Salisb., occurs on Peltigera thalli and rotting wood; it was maintained by Ahti (1973 Derbyshire. See Hawksworth (19826 Vezda (1970) and Hawksworth (1975a) . Swinscow (1965) . Fig.  122 Stigmidium marinum (Deakin) Swinscow (f) On Oraphis scripta, forming neat circular grey-black patches on the thallus; ascospores 14-15(-19)x3-5/mi; widespread in old woodlands, and common in western Scotland. (1975a) . Fig. 20 . . . . Calicium corynellum (Ach.) Ach. Ascospores 11-15 X 6-8/im, coarsely spirally striate at first but developing into irregular ridges and cracks with age; apothecia all sessile; parasymbiotic or parasitic on Pertusaria coccodes, inhibiting the production of isidia; rare, but scattered through the range of the host in the British Isles. See Tibell (1969 Tibell ( , 1971 See Hawksworth (1978) and Tibell (1975) . Fig. 23 
96(95)
Apothecial stalk at least as tall as the hymenial layers; excipulum dull brown, K-97 Apothecial stalk shorter than the hymenial layers, apothecia sometimes + sessile; excipulum reddish, K + red; ascospores 5-7 -5x4-5-7 /um, ornamentation of irregularly shaped pits and furrows; parasymbiotic on Pertusaria species, especially P. pertusa; widespread and often common. See Lofgren & Tibell (1979) . Fig.  120 Sphinctrina turbinata (Pers.) de Not.
97(96)
Ascospores 7-9 • 5 fim long, ornamentation distinct, of regular circular pits; apothecial stalk ± as tall as the hymenial layers, black; parasitic on Lecanora thalli or with a brownish granular thallus; south-east England, scarce. See Lofgren & Tibell (1979) . Dennis (1978) . Fig. 32 . Dactylospora parellaria (Nyl.) Arnold Ascospores (1-)3 septate, 9-15(-17)x3-5-5/an; hypothecium reddish brown; parasymbiotic on corticolous Pertusaria species, especially P. albescens, P. hymenea and P. pertusa, and also on Ochrolechia turneri; widespread and locally common but becoming rarer in the north. See Hafellner (1979) . • • . Dactylospora urceolata (Th.Fr.) Arnold 121(120) Ascospores (21-)30-45(-54) x 11-24/an, with 5-9 transverse and 2-5 longitudinal septa; asci 4-8 spored; a faculatively lichenicolous parasite of Lecanora gangaleoides in South Devon, taking over the algae of the host to form an independent lichen with a smooth areolate lead-coloured C + rose thallus.
.
. . Diploschistes caesioplumbeus (Nyl.) Vainio
Ascospores (2O-)25-3O(-35) x (8-)12-15/an, with 5 transverse and . 1-2 longitudinal septa; asci usually 4-spored; a facultatively lichenicolous parasite on scyphose Cladonia species, taking over the algae from the host to form a whitish C + rose crust and later becoming independent; widespread but rather rare. See Ozenda & Clauzade (1970: 275 (1978) . Vezda (1970) and Hawksworth (1975a) . Fig. 9 . . . . . Arthonia epiphyscia Nyl.
131(130) Ascospores 9-15 x 3-6 jum; ascomata black, 0-2-0 -4 mm diam; hymenium I + blue (not or only slowly changing from blue to reddish); parasymbiotic to parasitic in the apothecia of Lecanora species, especially L. dispersa, eventually filling the disc and turning it black; widespread. Fig. 8 -. -Arthonia intexta Almq. Ascospores 13-16 x 5-6/im; asci arranged in compact black ascomata; parasymbiotic to parasitic in the apothecia of Lecanora rupicola, the apothecia of which turn black; widespread and locally very common. Fig. 11 Arthonia glaucomaria (Nyl.) Nyl. Apothecia immersed, concave, only the disc exposed, brown to black, 0 • 2-0 • 4 mm diam; ascospores to 3-septate, 20-24 x 6-8 /im; parasitic on thalli of Peltigera species, the apothecia forming in neat circular groups in bleached white patches; widespread, South Devon to the Scottish Highlands. See Hawksworth (19806) . 145(144) Apothecial discs exposed, exciple not extending into hairs; asci and hymenium I + blue 146 Apothecial discs urceolate, with a pore-like opening, exciple extending into pale hairs around the pore, hairs 20-30 x 2-3 /mi, K + aeru-146 (145) 147 (146) 148 (147) 149 (147) 150 (149) 151 (142) ginose green; subhymenium K + deep purple; asci and hymenium I -; ascospores 0-1 septate, biguttulate, 8-13 x 2-3 jum; parasymbiotic to parasitic on thalli of Thelotrema lepadinum; widespread and often common. See Sherwood et al. (1981) . Poelt (1974) and Hawksworth (19826) . . . . Lecidea insidiosa Th.Fr. Thallus brownish to olivaceous, areolate, usually K -; apothecia black, between the areolae, 0-1-0 -6 mm diam; ascospores 8-14x4-5-7fira; on Lecanora rupicola; widespread and locally abundant. See Hertel (1970 163 ( See Christiansen (1956) , Hawksworth (19776) and Hawksworth & Minter (1980) . ata, P. crinita, P. laevigata and Pertusaria hymenea; widespread and often common. See Hawksworth (19776, 1981) . Hawksworth (1975ft, 19776, 1981 . 184(183) Conidia smooth-walled, (5-)6-8(-9) x3-4/im; parasymbiotic to parasitic in the apothecia of Lecanora species, especially L. chlarotera, mainly at the edges of the discs adjoining the thalline margin, infected discs often decolorized giving them a piebald appearance; widespread and locally common. See Hawksworth (1976) and Sutton (1980) . Fig. 134 . . . . Vouauxiella lichenicola (Lindsay) Petrak & H. Sydow Conidia verrucose, 6-9 x 3 • 5-5/mi; host range and symptoms as in 184a, with which it sometimes grows; widespread but scarcer than V. lichenicola. See Hawksworth (1976) and Sutton (1980) . Fig. 136 Hawksworth (1976 Hawksworth ( , 1981 . 194(193) 195(192) 196(195) 197 (172) 198 (197) 199 ( Conidiogenous cells subglobose to short-ampulliform, 2-3 x 1-2 /urn; conidia narrowly ellipsoid to slightly reniform, 5-7 x 1 • 5-2 /urn; parasitic on thalli of Parmelia caperata, P. laevigata, P. perlata, P. reticulata and P. sulcata, forming pale brownish decolorized patches with black margins; widespread, especially in the west. See Hawksworth (1981) . Conidiogenous cells arising singly, annellidic; conidia cymbiform, base truncate and highly refractive, (8-)9-l 1 (-14) x 3-3 • 5(-4) fira; forming ochre-yellow convex galls on Nephroma laevigatum, the conidiophores giving the galls a frosted appearance; rare, North Devon and Argyllshire. See Hawksworth (1977a) . Fig. 106 . . . . Refractohilum galligenum D. Hawksw. Conidiogenous cells arranged on a subglobose vesicle at the apex of the conidiophore, phialidic; conidia subglobose, 2 • 5-3 • 5(-4) //m diam; saprophytic, overgrowing old pyrenocarpous lichen thalli; occasional. See Raper & Fennell (1965 201(199) 202 (201) 203 (202) 204 (198) 205 (197) 206 (205) 207 (206 . . . . Trichothecium roseum (Pers.) Link Sporodochia uneven, pale pink; conidia (4-)6-7 //m diam, indistinctly verruculose; anamorph of Nectriella robergei (see 60a). See Hawksworth (1981) . Fig. 75 (below) . Illosporium carneum Fr. Sporodochia convex, orange to bright pink or rose; conidia 6-10 /um diam, smooth-walled, separating only with difficulty; parasitic on thalli of Hypogymnia physodes, Lecanora conizaeoides, Parmelia crinita, P. glabrattda, P. omphalodes, P. perlata, P. saxatilis, P. sulcata, Pertusaria corallina, P. pseudocorallina, Physcia tenella, Platismatia glauca, Umbilicaria polyrrhiza, and Xanthoria parietina; widespread. See Hawksworth (1981) . Fig. 46 Hawksworth (1979c) . Fig. 103. . . . Psammina stipitata D. Hawksw.
209
Conidia non-septate Conidia septate, multicellular, or lobed .
Conidiophores arising singly or in small groups, not forming synnemata 208 Conidiophores adhering together to form capitate (Ca/tciwwi-like) Basidioma corticioid, effuse, creamy to buff; basidia 2(-4) spored;
basidiospores 5-9(-12)x2-5-7//m; basidioma seasonal and rather rare; mycelium with numerous subglobose creamy sclerotial bodies; forming massive circular brown lesions with white funiculose margins in colonies of pleurococcoid algae and Lecanora conizaeoides, also parasitic on a wide range of other crustose and foliose lichens; extremely common and widespread within the range of L. conizaeoides in the British Isles. See Arvidsson (1979) . Fig. 15 
